ABSTRACT
INTRODUCTION
I N CONTEMPORARY HISTORY, sovereign debt accumulation in developed countries has been generally slow, with rapid build-up occurring only in times of war (Checherita and Rother 2012) . But, many developed economies have recently experienced an explosion of sovereign debt, in particular in Europe. In the United States and the United Kingdom, for example, debt-to-GDP ratios rose respectively from 52.0 per cent and 40.2 per cent in 2001, to 93.8 per cent and 103. 2 per cent in 2012 (World Bank 2013 . As the debt-growth relationship is theoretically unclear and remains empirically mixed, this increasing level of sovereign debt has renewed the debate on this topic. In this paper, we hypothesise an inverted U-shaped relationship between sovereign debt and economic growth, dependent upon income inequality. To motivate our heterogeneous non-linear hypothesis, we draw on the link between growth and debt and on the link between inequality and debt.
There is a rich literature analysing the relationship between the accumulation of sovereign debt and its subsequent effect on economic growth. In a model with finite lived agents, Modigliani (1961) shows that sovereign debt promotes economic growth. But he also sheds light on potential negative effects to finance a larger debt for future generations. In Barro (1974) , perfectly informed and infinitely lived agents reduce their actual consumption when government expenditure rises, because they anticipate future tax increases. Therefore, Ricardian equivalence implies an insignificant impact of sovereign debt on economic growth. If the assumption of perfect information is also relaxed, creditors do not expect to be fully reimbursed of extensive sovereign debts, and the optimal solution becomes a debt overhang, because an economically unsustainable debt would impact negatively on the probability of servicing the debt and, hence, economic growth (Krugman 1988) .
Since Krugman (1988) , the bulk of the theoretical literature points towards a negative relationship between sovereign debt and economic growth (Saint-Paul 1992, Elmendorf and Mankiw 1999) . The general intuition is that because governments should adopt expansionary fiscal policies in times of recession (to promote economic recovery) and contractionary fiscal policies in times of prosperity (to control sovereign debt levels), sovereign debt and economic growth should be negatively correlated with a time lag (Blanchard 2006) . However, the extent of this correlation remains questionable (Patillo et al 2004 , Aizenman et al 2007 , Cochrane 2011 ). More recently, Aschauer (2000) assumes that debt is used to finance public capital and infers a nonlinear inverted U-shaped impact of sovereign debt on economic growth, from the non-linear impact of public capital on economic growth. The accumulation of sovereign debt in the short term has a positive effect on economic growth, but there comes a threshold point whereby any further indebtedness increases the risk premium and could lead to a negative net impact on economic growth, through a higher cost of borrowing.
The recent global recession has renewed the debate on the debt-growth nexus, moving the focus of interest from an unclear theoretical prediction to an empirical issue. The debate has focused on the potential detrimental effects of debt on growth and its financial sustainability over time. Applying simple correlation statistics to a dataset of 44 developed and developing countries, Reinhart and Rogoff (2010) find a weak underlying positive link between debt and growth at normal to medium levels of debt, and a negative relationship between high levels of debt and economic growth. In particular, economic growth reduces by 1 per cent when debt exceeds 90 per cent of GDP. 2 To check this threshold, Caner et al (2010) split the same sample into countries with debt-to-GDP ratios higher and lower than 90 per cent, and they employ more sophisticated pooled least squares regressions. The impact of debt on growth is negative beyond 90 per cent debt-to-GDP ratio, but insignificantly positive below the threshold level, thus only partially corroborating Reinhart and Rogoff's (2010) results. Their analysis combines both time series data and cross sectional data, but serial correlation may still cause biased results (Podestà 2002) . Using different measures of government debt and economic growth, Kumar and Woo (2010) find that a 10 percentage point increase in ini-tial debt-to-GDP ratio decreases annual GDP per capita by 0.2 per cent per year. Therefore, once again the findings corroborate the relationship established by Reinhart and Rogoff (2010) , but suggest a different impact. In brief, despite the majority of the empirical literature pointing towards a non-linear inverted U-shape relationship, mixed results cannot solely be justified as a result of the use of different datasets or methodologies.
Critiques of the non-linear debt-growth relationship move in three different directions. The first rejects the inverted U-shaped relationship. Cochrane (2011) assumes uncertainty about future inflation and shows that extensive sovereign debt levels can reduce consumption levels. In this case, sovereign debt could reduce economic growth even in the short term (Diamond and He 2013) . Schclarek (2004) estimates a statistically significant negative linear relationship between external government debt and GDP per capita. Herndon et al (2013) replicate Reinhart and Rogoff's (2010) results using the same methodology and dataset, and find a 2.2 per cent slowdown in economic growth for countries with debt-to-GDP ratio higher than 90 per cent, but no evidence of an inverted U-shaped relationship.
The second critique is about the causality of the growth-debt nexus. Although there is substantial empirical evidence suggesting a correlation between sovereign debt and economic growth, this does not imply causation. Reinhart et al (2012) argue that causality runs from debt to growth, but they also suggest that low levels of economic growth could be the reason for high levels of sovereign debt. Panizza and Presbitero (2013) point out that a negative correlation is created automatically as a result of using debt as a ratio to GDP, thus making the causality difficult to establish. Consequently, there are no papers making a definitive case with regards to a causal relationship between public debt and economic growth.
The last direction of criticism extends the non-linearity notion, suggesting that country-specific variables may affect the degree of debt-growth non-linearity and, hence, each country's debt-to-GDP threshold level (Panizza and Presbitero 2013) . Eberhardt and Presbitero (2013) address cross-country heterogeneity by studying different crisis periods in different countries. They confirm the non-linear relationship between government debt and economic growth, but find no evidence of similar threshold level across different countries. This suggests that homogenous policy to control debt may not have the desired affects in every country. Khan and Senhadji (2000) and Khan et al (2001) use a large sample of countries and show that heterogeneity is related to financial depth and inflation. Moreover, finance impacts differently on growth for oil exporters and resource-based economies (Nili and Rastad 2007, Beck 2011 ). More recently, Arcand et al (2012) find that the non-linear impact of banking depth on growth weakens at very high levels of banking depth. Kourtellos et al (2015) suggest that the relationship between economic growth and sovereign debt may also be influenced by a third variable such as trade openness. 3 A natural extension of the intuition of Kourtellos et al (2015) is to test if the non-linear debt-growth nexus is affected by other variables and whether this heterogeneity explains mixed empirical results. Kuznets (1955) and Williamson (1965) hypothesise that when development sets in, the equal income distribution pattern is broken by entrepreneurs at the forefront, but once a country is fully developed, welfare states redistribute income more fairly. Banerjee and Duflo (2003) corroborate empirically this inverse U-shaped relationship between income inequality and economic development.
To investigate specifically the growth-inequality nexus, Shin (2012) develops a stochastic optimal growth model with heterogeneous agents. Figure  1 illustrates the conceptual framework. According to the Kuznets curve, income inequality first increases and then decreases with economic development (quadrant IV in both diagrams). The 45 degree line in quadrant III reports GDP per capita level in the growth framework (quadrant II). Under the assumption of absolute β convergence (Diagram A), the growth-inequality relationship is positive for developed countries and negative for developing countries (quadrant I). This pattern is confirmed by Barro's (2000) result using panel data. He finds that a more uneven income distribution in poor countries leads to inertia in economic growth, whereas more even income distribution leads to increasing growth levels in richer countries.
However, absolute β convergence can be applied only to Organisation for Economic Co-operation and Development (OECD)countries (e.g. Baumol 1986 ). In a larger sample, there is conditional convergence (e.g. Mankiw et al (Pritchett 1997) . Diagram B shows a positive growth-inequality nexus under economic divergence for developing countries: it suggests a more complex, rather than a monotonic, relationship between the Gini coefficient and the economic growth rate. Recently, Barro (2008, p.2) reexamined this relationship, employing a cross-country regression framework and concluded that 'the overall effect of income inequality on economic growth was weak and, often, statistically insignificantly different from zero.
[…] These results could be interpreted from the perspective of some of the underlying theoretical models. In particular, the differing effects for poor and rich could reflect the greater impact of credit market restraints in poor countries.' 4 Beyond the mixed direct impact, income inequality could have an indirect effect on economic growth, through the relationship between finance and development. There are two main explanations for this. The first is that the higher the income inequality, the higher the benefit of debt in stabilising the economy. In the model of Kumhof and Ranciere (2010 p 3) , the 'rise of workers' debtto-income ratios generates financial fragility.' Governments issue debt to support lower income individuals and prevent a financial crisis because a stable economy grows more and, hence, absorbs a higher level of debt. The more even the income distribution, the lower the benefit of debt on growth. The second depends on the time horizon of the elite in power. When the income distribution is uneven, the elites in power have stronger control and, hence, a greater incentive to use debt to promote growth, because they will reap the benefits of economic development. In countries with a more even income distribution, elites are weaker as a result of the fiercer competition and, hence, their time horizon is shorter: the impact of debt on growth is lower because debt is used to get an immediate benefit. The final outcome is a growth-debt relationship changing with the income distribution.
In this paper, we test the hypothesis of a non-linear heterogeneous relationship between sovereign debt and economic growth. We suggest that the reason for mixed results (different threshold points in the debt-growth relationship) comes from changes in country specific levels of income inequality. As income inequality data cover too short a period for a Granger analysis, we assume the traditional one-way causality from debt to growth. Our panel regression analysis shows that the growth-debt relationship is more intense, and the threshold level is lower, in countries with more equal income distribution than where income distribution is more unequal. We further check the robustness of our results using different specifications, sub-periods and sub-samples. All of these exercises corroborate the results obtained from our main framework.
The paper proceeds in the following manner. Section 2 describes the empirical framework. Section 3 presents descriptive statistics. Our main findings are presented in Section 4. The next section is devoted to robustness analysis. Finally, the last section includes our concluding remarks along with suggestions for future research.
EMPIRICAL FRAMEWORK
We derive our basic specification model, Standard, from the multivariate linear equation used by Checherita and Rother (2012) :
Where i indicates the country, t denotes the year, and y it is the GDP per capita growth rate computed over 5 years, from time t to time t+4. DEBT is the gross government debt as a percentage share of GDP. CTRL stands for the vector of influential variables identified by the economic literature, which are understood to have an effect on levels of economic growth. The control variables are inflation and exports as proxies for risk and trade openness respectively, population as a measure of country size, and age dependency to take into account the burden of the welfare state. 5 We do not include investment because of multicollinearity with other variables and the presence of missing values, that reduces further the size of the sample. Human capital is excluded because standard proxies such as primary, secondary and tertiary schooling enrolment rates are virtually invariant and, hence, collinear with country effects. In choosing between these variables and including fixed effects for countries, in both cases we prefer country effects because they can capture other omitted variables (see Section IV). Finally, we use real GDP per capita as used in Barro's (1996) growth model. ε i is an idiosyncratic error term which accounts for disturbances within the panel data.
To account for country specific features, we apply country fixed effects (FE) and random effects (RE) to our regressions. We employ the Hausman test (1978) , the Breusch Pagan (1979) Lagrange Multiplier test and the likelihood ratio test to determine the most appropriated estimator. 6 For all our estimates, we use robust standard errors to control for heteroskedasticity in the residuals. According to a Keynesian view, we assume that an increase in debt to GDP promotes short-run economic growth (H1: β>0). On the other hand, an insignificant or zero coefficient is a necessary (but not sufficient) condition for Ricardian equivalence.
We adopt a benchmark specification similar to that used in the majority of the empirical debt-growth literature (e.g. Kumar and Woo 2010, Reinhart and Rogoff 2010) . To check for the non-linear relationship, we modify this specification in Non Linear as follows:
The quadratic term DEBT 2 allows us to test the non-linearity relationship between government debt and economic growth. Empirically, the relationship of government debt is seen to come to a tipping point where increases in government debt subsequently have a negative effect on growth (Ghosh et al 2011) . In theory, we expect a positive DEBT it coefficient (H2.a: β>0) and a neg--72 -
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(1) (2) ative DEBT it 2 coefficient (H2.b: γ < 0 ), in order to observe an inverted U-shape relationship similar to Checherita and Rother (2012) . We include the same vector of controls and the error term as in the benchmark, and also apply both fixed effects (FE) and random effects (RE) models to our specification using robust standard errors, as in the standard specification, to maintain comparability of results.
Many papers focus intently on the non-linearity between government debt and economic growth, by attempting to identify the threshold debt level that leads to a consequent decline in economic growth. We hypothesise that income distribution within a country creates a heterogeneous relationship between sovereign debt and economic growth across countries. We use the Gini index (Gini 1921 ) as a measure of income inequality within a population, because it is able to capture income inequality better than alternative measures. Gobbin et al (2007) show that other proxies such as the decile ratio are easier to determine, but are much more imprecise and the bias that they introduce in the estimates is greater than the advantage of using a larger dataset. They conclude that the Gini index is one of the best proxies for income inequality. Moreover, as this index includes residents and non-residents, it is consistent with the use of GDP. To test the heterogeneous effect of government debt on economic growth, we interact the Gini index with the debt-to-GDP ratio and we obtain the following Heterogeneity equation:
Where DEBT * GINI is our interaction term. If our hypothesis is true, we should observe a significant positive coefficient on DEBT (H3.a: β >0) and a significant negative coefficient on DEBT * GINI (H2.3: δ < 0), thus providing evidence of a positive linear relationship, which is lower for more unequal countries.
Further, we combine equations (2) and (3) to test whether there is a non-linear heterogeneous relationship. As suggested by the literature, we assume there to be a parabolic (inverted U-shape) relationship. However, we expand on this by suggesting that there are different parabolic relationships in different countries, depending on their individual levels of income inequality. Our last hypothesis assumes that governments of countries with unequal income distributions benefit elites and lobbies, taking from general economic growth. According to Barro (2000) , this implies a flatter parabolic relationship between government debt and economic growth for more unequal countries. Thus, our final specification Non Linear Heterogeneity, including squared terms, is as follows:
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We introduce DEBT 2 and DEBT 2 * GINI to test the hypothesis of a non-linear heterogeneous relationship. We expect an inverted U-shaped curve on the terms DEBT and DEBT 2 (HYP4.a: β > 0 and HYP4.: γ < 0 ) and opposite signs for the linear and quadratic interactive terms, DEBT * GINI and DEBT 2 * GINI (HYP4.c: δ< 0 and HYP.d: ζ > 0 ). Given this, we expect there to be different parabolic relationships present within our data, indicating non-linear heterogeneity.
DATA AND DESCRIPTIVE STATISTICS
Our data set includes 27 countries; see Table 1 . We collect data from different sources. The majority of our data are from the World Development Indicators (WDI) database by the World Bank (2013) . It is comprised of many developmental indicators that are updated quarterly. For consistency with data from other sources, we can rely only on annual data. Because of missing values, we also integrate some of our data with information from other datasets. Table 2 reports the full list of variables. Our control variables include Inflation, Exports, Population, GDP per capita and the Age Dependency ratio. 7 Finally, our data for the Gini Index come from World Institute for Development Economics Research (2013) under the United Nations University. 8 This variable is our proxy for income inequality.
We collect data across a time period of 17 years from 1994-2010, the logic being to exclude global macroeconomic shocks such as the reaction to the collapse of the Soviet Union in 1991 and the adjustment following the withdrawal of the United Kingdom and Italy from the European Exchange Rate Mechanism (ERM) in 1992. Both of these events created not only huge direct economic shocks within the countries involved, but also further large indirect shocks in the global economy. Therefore, by excluding these years, we prevent any starting biases occurring within our estimates.
-74 - The descriptive statistics of the dataset are shown in Table 3 . We calculate the mean, standard deviation and reference distribution points for all the variables. We include the full dataset and further split it into two sub-samples, of OECD and non-OECD countries. We also run two univariate statistical hypothesis tests, the Wilcoxon signed rank test (Wilcoxon 1945 ) and the mean comparison test, in order to gain further insight into the variable distribution through the two sub-samples.
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Firstly, we analyse the central tendency of the variables used in our full sample and compare it with the sub samples. The mean value for our interest variable DEBT, is 54 per cent; this is categorised as a medium debt level (Reinhart and Rogoff 2010) . Further comparison between the mean levels in the subsamples shows considerable differences. OECD countries have an average DEBT value equal to 61 per cent whereas the mean is 37 per cent for non-OECD countries. The statistical difference is evident through the mean comparison test showing a significant rejection (p<0.05) of the null hypothesis (H0: equal means). The implication is that there is a significant statistical difference between the values of the two subsamples. Our data accord with the theory suggesting that OECD countries on average have higher debt-to-GDP levels compared to non-OECD countries.
Further analysis of the means of our other interest variables within the dataset shows similar tendencies. Take GDP per capita growth rate (dependent variable) as an example. Within the full sample, the mean is 4 per cent. In the subsamples, the average rate of growth for OECD countries is around 3 per cent, in comparison to around 6 per cent in non-OECD countries . This substantial difference is explained by non-OECD countries being economically developing and therefore experiencing large increases in their economic growth rate. The significant difference is further evident through the mean comparison test.
To further stress the large differences in our subsamples, we also look at the median values of all the variables and run the Wilcoxon signed-rank test. As observed before, large differences are also seen across all variables when analysing their median values. For example, with the Gini index the median value of the full sample is 35.4 whereas for the subsamples it is 30.9 for OECD countries and 50.4 for non-OECD countries. A difference of 20.5 between subsamples together with the significant rejection (at the 5 per cent confidence level) of the null hypothesis of equal medians from the Wilcoxon signed-rank test, confirms a large statistical difference of income inequality between the subsamples.
Analysing the descriptive statistics for certain control variables may indicate patterns emerging between our dataset and our estimated results. Let us take POPULATION as an example. It shows a fairly low mean value (76.7), which could signify that our dataset as a whole includes countries with fairly low population levels. This may be reflected in the results of our regressions estimates as low population, in theory, would have a positive effect on economic growth. In contrast, Age dependency ratio displays a medium-high mean value (54.6 per cent), which may imply that the countries within our dataset have an ageing population. Theoretically this could be detrimental to economic growth as there are fewer people of working age supporting the potential increases in government expenditure on pensions through tax revenues.
It is clear from the descriptive statistics that there is a considerable difference between non-OECD countries and OECD countries. This difference could potentially be observed within our estimated results. We will address this specific issue in our robustness analysis. Table 4 presents the main results. The dependent variable is real GDP per capita growth, with the variable of interest being government debt as a ratio to GDP (Debt-to-GDP). Throughout all estimations, we control for INFLATION, EXPORTS, POPULATION,GDP PER CAPITA and AGE DEPENDENCY. We assume that governments systematically promote economic growth by reducing income inequality, with politically expensive fiscal reforms in the long run (10 years) and politically cheap sovereign debt in the middle run (5 years). 9 The implication of this assumption is that sovereign debt can be zero if and only if income distribution is equal; otherwise the government would issue debt to foster economic growth through income inequality reduction. Empirically, it means that the GINI index impacts on growth only indirectly through the interaction with DEBT, but not directly. In equations 1-4, we can imagine the GINI index as a control variable in CTRL with a coefficient constrained to zero. We shall relax this assumption in the robustness analysis.
RESULTS
The first column presents the benchmark specification using an OLS estimator. The impact of debt-to-GDP on GDP per capita growth is significant at the 5 per cent confidence interval, showing a negative linear relationship (-0.70). On average a 1 per cent increase in debt-to-GDP will decrease GDP per capita growth by -0.7 per cent. This contradicts the present literature because it rejects both our HYP1 (positive relationship) and the alternative hypothesis of Ricardian Equivalence (insignificant relationship). However, it can be accounted for because the majority of countries within our dataset are OECD or middle-income countries. Therefore, they already have high debt-to-GDP levels, which could cause this negative impact on GDP per capita growth.
The results with respect to the control variables used in the benchmark equation, for the most part, are consistent with economic theory. The INFLATION coefficient shows a negative relationship with GDP per capita growth, as expected. INFLATION is a proxy for economic risk and so an increase in inflation leads to a decrease in growth. However, the coefficient itself is not significant. Individual coefficients of EXPORTS and POPULATION show highly significant, positive relationships with the dependent variable. For instance, as the population within a country increases, the overall level of production (and sometimes also productivity) in theory should increase, creating a positive change in GDP per capita growth. A similar understanding can explain the significant positive coefficient in EXPORTS i.e. an increase in a country's level of exports allows increases in GDP per capita growth. As for GDP per capita (in actual terms), our Economic Issues, Vol. 20, Part 2, 2015 dataset yields a negative relationship with GDP per capita growth. This could once again come as a result of the majority of countries within our dataset being developed or middle-income. According to Barro (2000) , developed countries find it more difficult to grow because they are closer to the steady state than developing countries. It accounts for the negative coefficient observed on GDP per capita.
In order to account for biases such as country specific features, we -78 - Table 4 . Impact of debt-to-GDP ratio on 5-years economic growth.
Notes: See Table 2 The majority of the literature surrounding this topic finds a non-linear relationship between debt-to-GDP and GDP per capita growth. We test this hypothesis in Column 3, with the results for Equation 2 (Non-Linearity). The Hausman test rejects the null hypothesis in favour of FE (27.8). The adjusted R 2 improves slightly with respect to the standard model. The most relevant observation noted by adopting this method is the sign on the coefficient for debt-to-GDP. It remains positive and, combining this with the negative sign on the non-linear term, draws an inverted-U-shape parabolic relationship between debt-to-GDP and GDP per capita growth. However, despite statistically significant linear and squared terms, the joint test is marginally insignificant, as the corresponding F-test on interest variables (2.18) accepts the null hypothesis (H0: β = γ= 0 ). This indicates that the traditional quadratic specification does not work with our dataset and so does not corroborate our second hypothesis (HYP2) and the basis of most of the literature.
Given the lack of consistency with our results to the established quadratic model indicated by the previous literature we move to the Heterogeneity specification, where we introduce the Gini index as an interactive term. Column 4 presents FE results according to the Hausman test (32.72). Despite moving to a new specification, the R 2 shows little deviation from the one recorded in our standard FE specification. The control variables are also fairly stable. The coefficient on DEBT remains positive (3.39) and is marginally significant at a 15 per cent confidence interval. When we interact DEBT with the Gini index, the related coefficient is negative (-0.02), but not significant. However, the significance of the joint F-test indicates that these variables have a joint influence on the level of GDP per capita growth (at the 5 per cent level) and so heterogeneity is present. This indicates that the subsequent relationship between GDP per capita growth and debt-to-GDP is positive, but the slope changes according to country specific levels of income inequality. The estimated results under this specification corroborate weakly our third hypothesis (HYP3).
The results from the previous two specifications produce mixed results: the quadratic (non-linear) relationship is significant individually but not jointly, whereas there is a weak heterogeneous relationship. Therefore, within our final specification, we combine the two models to test whether the heteroge-neous relationship is actually non-linear, rather than linear. We run the Hausman test which, once again, rejects the null hypothesis, signifying FE as the appropriate method. The results of our Equation (4) are presented in Column 5. The adjusted R 2 increases not only with respect to the standard model, but also the other advanced specifications used. Analysing our variables of interest, we see that the coefficient on DEBT becomes highly significant and positive (16.99) and the coefficient on DEBT 2 becoming significantly negative (-12.5) , suggesting a significant non-linear relationship. Testing the joint influence of our interest variable yields the F-statistic to be significant at the 1 per cent confidence interval. This means that there is a quadratic relationship between GDP per capita growth and debt-to-GDP, and that a country's specific level of income inequality creates differences in the shape of this relationship. Therefore, we would observe the formation of different parabolas.
In order to understand this result, we plot the relationship between GDP per capita and debt-to-GDP of two representative countries. We compare Finland as representative of countries with a fairly low level of Gini, with Chile as our representative of a country with a fairly high level of Gini. The relationship is shown in Figure 2 . Let us consider the shape of the relationships first. Given Chile's average Gini level to be approximately 42.2, the corresponding relationship shows a flatter inverted U-shape parabola. Finland, in comparison, has a lower average Gini level of approximately 25.8; and so a much steeper inverted U-shape parabola is observed. Finland and Chile display two different parabolic relationships, revealing that the non-linear relationship between GDP per capita and debt-to-GDP ratio is heterogeneous. Consequently, as our hypothesis HYP4 suggests, each country, depending on its level of income inequality, will have a different threshold level of debt. This becomes apparent within this graph. Finland's threshold debt level is approximately 81 per cent whereas Chile has a much higher threshold debt level of 124 per cent.
As we cannot address causality issues fully, given data availability limitations, we assume that in the short run, income inequality that is persistent and, hence, similar to previous values, affects growth to a greater extent than the latter determines the former. In this sense, we can look at this graph as a causal relationship. Countries that suffer from high levels of income inequality (higher Gini levels) are more likely to benefit from higher growth levels as they become increasingly indebted because their debt threshold point is very high. This is made clear from Chile's debt to growth relationship forming a faint inverted U-shaped parabola. Contrastingly, countries like Finland that have low levels of income inequality will display a far steeper inverted U-shape relationship with a much lower debt threshold point. This indicates that low Gini bearing countries also benefit from higher growth levels as they become more indebted, but the point where any further indebtedness will lead to a negative impact on economic growth is much lower.
In summary, because of the presence of two different inverted U-shaped parabolas, a 1 per cent increase in debt-to-GDP would produce different effects on different countries, depending on their level of inequality. This corroborates our hypothesis HYP4.
ROBUSTNESS
We carry out six different robustness exercises to check the plausibility of our findings. In the first, we relax the assumption that sovereign debt can be zero if and only if income distribution is equal and we rerun all the specifications adding Gini index separately; see Table 5 . Test statistics are, mostly, similar to those in Table 4 , but we report FE according to the Hausman test in Columns 4 and 5 and for comparison reasons in Column 2 and 3 as Hausman test statistics are negative. 10 Standard estimates are similar to previous results, whereas the higher absolute values of DEBT coefficients and the significant joint F-test on the interest variables in Column 3 suggest a stronger non-linearity than in Table 4 . DEBT and DEBT * GINI coefficients switch in sign and significance in Column 4. It is possible that they are capturing the more intense quadratic growth-debt relationship. In Column 5, we find not only a heterogeneous inverted U-shaped relationship, but also stronger evidence that the turning point in the growth-debt relationship increases with the income inequality.
Economic Issues, Vol. 20, Part 2, 2015 -81 - Figure 3 shows the results for our two reference countries, Finland and Chile: the positive impact of debt on growth turns negative at 56 per cent debtto-GDP ratio for Finland, whereas the turning point is out of the represented range for Chile.
The second exercise tests the robustness of our results to a shorter growth rate period, using the 3 year growth rate as the dependent variable. Again we prefer FE to RE according to the Hausman test. Estimates presented in Table  6 corroborate fully our previous results observed in Table 4 . We find weak evidence for growth-debt non-linearity in Column 3 and for growth-debt heterogeneity in Column 4, but stronger support for a heterogeneous non-linear relationship in Column 5. Figure 4 draws the growth-debt relationship for Finland and Chile identifying, respectively, 77 per cent and 134 per cent as turning points. These findings reveal that the impact of income inequality on the growth-debt relationship is quite immediate and persistent.
For the other four robustness exercises, we use the FE non-linearity heterogeneity specification as benchmark. Tables 7 reports the third and fourth robustness checks. We begin by modifying our benchmark specification. Columns 1-5 report the separate removal of some control variables in order to test the sensitivity of our results to different specifications. The results are conclusive and indicate that the separate removal of each control variable creates little change on the significance and the signs of the coeffiEconomic Issues, Vol. 20, Part 2, 2015 -83 -F C Figure 3 . Heterogeneous Non-Linear Growth-Debt Nexus: 5-years growth with Gini control cients on our variable of interest, with respect to our benchmark specification (Column 6). The only exception is Column 1 in which we removed GDPPC, a core variable for a growth regression model: interactive terms are significant jointly, but not individually. Hence, overall, this exercise confirms our main findings.
-84 - Table 6 . Impact of debt-to-GDP ratio on 3-years economic growth.
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INTEREST VARIABLES
Notes: See Table 2 In Columns 7-8, we control for potential omitted variables by adding extra regressors to our specification. In accordance with growth theory (see Pagano 1993) , proxies used for financial development such as domestic credit to the private sector could potentially have a positive effect on economic growth. In column 7 we introduce CREDIT (expressed as per cent of GDP). The t-statistic and its corresponding p-value suggest that it is insignificant. Moreover, the negative sign on the coefficient conflicts with economic theory, as Pagano (1993) suggests increases in financial development leads to a positive effect on economic growth. Therefore, this indicates that CREDIT as a variable lacks relevant influencing power. All previous results on our variables of interest are fully corroborated.
We introduce a popular variable used in empirical studies, INTERNET (Internet users per 100 people), as a proxy for technological progress. We include this as an extra control variable in Column 8. However, the t-statistic and corresponding p-value indicate that the variable is not significant and so has no effect on the coefficients of our focus variables as they remain consistent with our benchmark specification (Column 6). The only exception is DEBT 2 * GINI that is marginally insignificant at 10 per cent level individually, but significant at 1 per cent in the joint test F INT . Modifications to the benchmark specification indicate that the coefficients show little deviation from our main results. The joint hypothesis test of our interest variables always rejects the null hypothesis throughout all robustness exercises in Table 7 . This, therefore, indicates that our variables of interest always hold influencing power, regardless of the inclusion of more or fewer control variables. This further confirms the structural robustness of our results. Table 8 presents the results of two further robustness checks. The first column presents the benchmark specification for the whole period. Column 2 reports the results over the shorter time period, spanning 1994-2006. This period excludes both the subprime mortgage crisis that began in the early months of 2007 within the US; and the onset of the Eurozone debt crisis, in which several peripheral European countries, notably Greece, Spain, Ireland, Italy and Portugal, experienced very high debt-to-GDP levels (Young and Semmler 2011) . In particular, we exclude the subprime crisis because one of its many consequences was the increase in government debt levels in many developed countries. These occurred as a result of governments being forced to rescue failing banks through financial packages such as capital injections and liquidity provisions. T It left many governments unable to finance their own debts and so debt accumulation occurred (Ureche-Rangau and Burietz 2013). With this exercise, we check if our non-linear heterogeneous relationship is driven by such crises.
Our results are not affected by the 2007-2009 subprime mortgage crisis and the 2009-2012 sovereign debt crisis. Table 8 shows a further decrease in the number of observations from 328 in the benchmark (Column 1) to 279 within the 1994-2006 sub-period (Column 2). However, the coefficient estimates on our variable of interest are very stable. For consistency with previous estimates, we present FE estimates also when the Hausman test produces negative (unreliable) test statistics. A majority of our variables of interest are highly significant, with DEBT 2 experiencing an increase from a 5 per cent to a 1 per cent confidence interval, and DEBT 2 * GINI from a 10 per cent to a 1 per cent confidence interval. Additionally, our control variables also remain largely unchanged. This provides evidence that our results are robust to the exclusion of subprime crisis period and Eurozone debt crisis period. In brief, the subprime mortgage and the debt crisis are not driving our findings.
As final robustness checks, we split our data into two separate subsamples, one displaying the estimates for OECD countries (Column 3) and the other for non-OECD countries (Column 4). Concentrating on the OECD sub sample, the number of observations falls to 210, indicating that the majority of our dataset consists of OECD countries. The signs on the estimated coefficients on our variables of interest stay in line with our benchmark results. Additionally, the significance level improves slightly within the OECD sub-sample, as all variables of interest now become significant at the 1 per cent confidence interval. This indicates that our results become more robust when we consider more homogeneous countries, an assumption that works against our main hypothesis (HYP4). Upon moving to the non-OECD sub-sample, the lack of significance may be linked to the low number of observations. However, the signs on the coefficients for the most part remain unchanged.
In summary, our main findings of a non-linear heterogeneous relationship are robust through various econometric exercises. They include the individual removal of control variables in order to test the structural validity of our specification, the addition of extra control variables to test for omitted variable bias, and sub-period and sub-sample regressions to check the robustness to particular exceptional events or more unstable countries.
-88 - The lasting effect of the recent crisis has put a great strain on many global economies. As a consequence, governments have opted to exercise budget deficits in order to bailout the financial system, and/or to employ fiscal stimulus packages. In an attempt to stabilise their individual economies after the recent crisis, many governments financed huge budget deficits and in turn accumulated government debt. The majority of literature points towards a non-linear inverted U-shaped relationship between sovereign debt and economic growth. However, upon analysing the empirical literature, there are mixed results in what is considered the precise threshold level of debt. Analogous to the debt-growth nexus, the well-known Williamson-Kuznets' hypothesis of an inverted-U shaped relationship between income inequality and economic development also has an ambiguous effect on economic growth, depending on growth convergence. In this paper, we combine the two puzzles and hypothesise a non-linear heterogeneous relationship between government debt and economic growth as the reason for mixed results on the finance-growth nexus. This suggests that there is an inverted U-shaped relationship, but that it varies in accordance to a country's specific level of income inequality, as measured by the Gini index. The presence of a non-linear heterogeneous relationship also implies that a country's threshold point is different, depending on its income inequality level.
In order to test our hypothesis, we examined systematically several different types of relationship between sovereign debt and economic growth, as explored in the literature. Results from the linear model indicate an insignificant relationship. We also tested the non-linear relationship and despite our results showing a positive coefficient on DEBT and a negative coefficient DEBT 2 , the variables of interest are individually significant but jointly (marginally) insignificant, thus indicating a weak non-linear relationship. When we interact DEBT with Gini index, a significant joint F-test indicates the presence of a heterogeneous linear relationship. Due to the mixed results of the previous two specifications, we moved to test a non-linear heterogeneous relationship that fully support our new hypothesis of an heterogeneous inverted Ushaped relationship between sovereign debt and economic growth according to the level of income inequality. We find that countries with a lower Gini index show a more intense debt-growth relationship, but a lower threshold point.
The main policy implication of our results is that the notion of a 'golden' threshold level of debt applicable to every country does not exist, because individual country specific circumstances (such as income inequality) play a pivotal role in the way sovereign debt interacts with economic growth. As a consequence, governments exercising homogenous fiscal policies, as part of international austerity policy programmes such as in the European Union, may have undesired outcomes depending on a country's income inequality level. In general, countries with fairer income distributions grow more when they are ruled by more fiscally virtuous governments whereas countries with less equal income distributions can bear higher levels of sovereign debt.
Our findings could be improved further. Firstly, we were presented with a number of limitations with respect to the availability of data. The lack of available data concerning the Gini index has reduced the number of countries within our dataset. In the same vein, our econometric analysis is dependent on a fairly small number of years. Future research may benefit from looking at a longer time period. In particular, we could remove the assumption that debt affects growth and test explicitly the causality nexus addressing the endogeneity problem. Additionally, more advanced econometric analysis could be used to identify the presence of a non-linear heterogeneous relationship rather than relying on the simple use of interaction terms. This may therefore lead to a more precise measure of the relationship. Another extension could be the application of different proxies for income inequality to check the impact of the taxation system on our results. We hope our analysis leads the way to a more nuanced investigation of these critical economic relationships.
Accepted for publication: 10th August 2015 ENDNOTES 8. The Gini Index has a scale of 1-100 where, the closer to 1 a country is, the more equal the distribution of income, and the closer to 100 the more unequal the level of income distribution (Yitzhaki 1979). 9. Recent pension reforms are a typical example of this pattern. They have reduced income inequality among workers with similar contributive history. But, the overall pension expenditure will increase in the medium term, because of the generous transition rules necessary to approve pension reforms (e.g. Italy).
